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(71) Wo, Simms Group Research & 
Development Limited, a British Company, 
Of Weil Street, Birmingham B19 2XK, do 
hereby declare the invention, for which wo 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described hi and 
by the following statement: — 

This invention relate* to electromagnetic 
devices comprising a pair of relatively mov- 
able magnetizable members and a winding 
or windings through which electric current 
can be passed to produce a magnetic field 
to effect relative movement of the members. 

The obiect of the invention is to provide 
such a device in a simple and convenient 
form. 

According to the invention an electromag- 
netic device comprises a pair of maanetisabJc 
members, one of said members having a face 
in which is defined a plurality of slots dis- 
posed in side by side relationship, tho other 
of said members having a face On which is 
formed a plurality of projections disposed in 
Side by side relationship, said projections 
having a width which is smaller than the 
width of the slots, said members being posi- 
tioned relative to each other such that the 
projections enter into the slots, the initial 
relative position of the members being such 
that the projections are disposed off centre 
in the respective slots and the two members 
being relatively movable in thc-difcctlon such 
that each projection can move from one side 
to the other side of the respective slot, some 
or all Of said slots accommodating on elec- 
trical winding, the connection of the winding 
or windings being such that any two slots 
irt which the flow of current in the windings 
therein is in the Same direction are separ- 
ated by a slot with either no- winding there- 
in or a winding in which the flow of current 
is in the opposite direction, the arrangement 
being such that when the winding or wind- 
ings is/are energised a magnetic field is 
produced and the members will be urged 
relative to each other from said initial posi- 
tion in a direction to reduce Lhc size of the 
smaller of the gaps defined between the side 



faces of the slots and the side walls of the 50 
respective projections. 

According to another aspect of the in- 
vention an electromagnetic device comprises 
a pair of magnctisablc members, one of said 
members having a faco in which is defined 55 
a plurality of slot* disposed in side by side 
relationship, the other of said members hay- 
ing a fece on which is formed a plurality 
of projections disposed in side by side re- 
lationship, said projections having a width 60 
and a depth which arc smaller than, the width 
and the depth of the slots, said m ambers 
being positioned relative K> each other such 
that the projections enter into said slots; the 
initial relative position of the members be- 65 
ing such that the projections are disposed 
off centre in the respective slots and the two 
members being relatively movable in the 
direction such that each projection can move 
from one side to the other side of the rcspec- 70 
tive slot, each of said slots accommodating 
an electrical winding, the connections of the 
windings being such that the flow or electric 
current in the windings in adjacent slots will 
be in opposite directions, the arrangement 75 
being such that when the windings are ener- 
gised a magnetic field is produced and the 
members will be urged relative to each 
other from said ioltial position in a direction 
to reduce the size of the smaller of the gaps 50 
defined between the side faces of the Slots 
and the side walls Of the respective projec- 
tions. 

One example of an ctecfromagnetic. de- 
vice in accordance with the inventiton will 85 
now be described with reference to the- ac- 
companying drawings, in which: — 

Figure 1 is a sectional side elevation of 
the device, 

Figure 2 is an enlarged section of a per- 90 
tion of the device seen in Figure 1, 

Figures 3. 4, 5 and 6 are views similar 
to Figure 2 and show alternative arrange- 
ments of the device of Figure 1, 

Future 7 shows a further modification of 95 
the device, and 

Figure 8 shows a further arrangement of 
the device. 
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Hie design, requirements for the device 
include a low inertia of the moving parte, 
a high mechanical force output ami fugh 
speed operation. 
5 With reference now to Figures 1 and 2 of 
the drawings the device comprises a central . 
core member 10 which at one end is pro- 
vided with a threaded stud whereby it can 
be secured to a support member 11. Dis- 

10 posed between the core member and the 
support member 11 is a cup shaped part 
12 through an aperture in the base wall of 
which extends the stud. The cup shaped 
part 12 acts to provide radial location of 

15 an annular member 13 about the core mem- 
ber 10, whilst at the same time allowing re- 
lative axial movement of the members. At 
the opposite end a sIccyc 12a provides radial 
location of the two members whilst at the 

20 same time allowing relative axial movement 
The core member 10 and the annular 
member 13 arc formed from magnetizable 
material. Moreover, the core member 10 is 
provided with slots into which enter pro- 

25 jections formed on the annular member. In 
practice, and as shown, tlie members arc 
provided With intercneageable screw threads* 
the threads being formed so that appreciable 
relative axial movement can take place be- 

30 twBen the members. Tor reasons which will 
be explained, the threads formed on the 
members are two start threads although it 
wilL be understood that any multiple of two 
threads may be used. It will be seen that the 

35 core member 10 in the case of a two start 
thread, is provided with two helical slots 14, 
15 whilst the annular member 13 is provided 
with two helical projections 16, 17 disposed 
jn the slots 14, 15 respectively. In the example 

40 cf Figures 1 and 2 tlie threads on the two 
members are of identical cross section. This 
is not essential as will be seen in the re- 
maining figures. Tt is nevertheless con- 
venient for the purpose of description to 

45 talk about slots and projections and the use 
of the term slot will be confined Lo the 
threads on the member, upon which windings 
are wound. 
As shown in Figures 1 and 2 each slot 

50 14, 15 in the core member 10 is provided 
with a winding 18, 19 in this case a wind- 
ing having a &wgle turn. For the purpose 
of understanding, in Figure 1 the dot and 
cross indication is used to represent the re- 

55 spective windings and in Figure 2 whilst in- 
dicating the respective windings, the dot 
and cross indication also indicates the di- 
rection of electric current flow, The two 
windings 18, 19 are formed from a con- 

60 tinuous length of insulated wire which is 
wound away from one end or the care mem- 
ber 10 conveniently the stud end of the 
core member, along one thread through a 
transverse aperture 20 at the other end of 

65 the core member and back along the other 



thread towards said one end of the core 
member. 

The shape of the threads formed on the 
two members is important, The projections 
16 t V have radially extending side faces 21 70 
which in the de-energised condition of the 
winding are disposed in spaced parallel side 
by side relationship to side faces 22 defined 
by the slots. The other faces 23 of the pro- 
jections IS, 17 incline outwardly and the 75 
other faces 24 of the slots incline in a. similar 
manner. The axial spacing between the faces 
24. 23 is considerably larger than the spac- 
ing between the faces 21, 22. 

When electric current is passed thrqugh 80 
the wire, each winding 18, 19 produces a 
magnetic flux which follows a path through 
the core member 10 across the two gaps 
defined between the faces 21 and 22 and 
through the member 13. The two members 85 
therefore strive to move relative to each 
other to reduce the size and reluctance of 
the gaps and a mechanical force is created. 
It will be noted that because of the different 
direction of the windings 18. 19 the dircc- 90 
lion of tlie flux generated due to each wind- 
ing is opposite. However, for any one of 
said gaps the direction of the fiux flowing 
across the gap due to the two windings* is 
the same. The flux genei-yied by the two 95 
windings therefore has an additive effect, 
the path for leakage flux for instance be- 
tween tlie faces 23, 24 is maintained as large 
as possible by suitable choice of the con- 
figuration of the threads and by the pitch of 100 
the threads. 

In the arrangement shown in Figure 3 each 
winding is provided with two turns and these 
may bo connected in parallel or in series. 
If the series arrangement is desired a single f05 
length of wire may be used for both wind- 
ings. Figure 3 also demonstrates the point 
made earlier namely that the threads on the 
two members need not be of identical cross 
section. With the arrangement shown in 110 
Figure 3 there may be more leakage Of flux 
due to the shorter gaps between fhe various 
faces. 

In the arrangement which is shown in. 
Figure 4 the annular member 25 has been 115 
made lighter by trimming away all surplus 
material so that the member is as light as 
possible so as to reduce its inertia* Ma- 
terial can be removed in this fashion because 
in practice the flux does not penetrate very 120 
far into the magnetisable material. How- 
ever, in order to produce a high mechanical 
force tho flux density across the gaps be- 
tween the faces 21, 22 should be as high as 
possible and therefore the flux should pene- 125 
trate the material as much as possible. The 
flux penetration depends On the type of ma- 
terial, the amplitude of the flux and also the 
rate of change* of flux. In conventional de- 
vices of tills type, laminated materials arc 130 
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often used to achieve greater flux i>enetra- 
tkui. This is not necessary with the present 
design even with a high flux density and 
with high rates of change of flux providing a 
5 suitable material is chosen. Such a ma- 
terial would have a high electrical resistivity 
and a low magnetic permeability such as a 
(Entered pure iron, for example that sold 
under the name "Hoganas*\ An alternative 
10 material would be a linear fcrrite material. 
The arrangement shown in Figure 5 also 
uses as thin an annular member 26 as pos- 
sible. Moreover, the slots in the core mem- 
ber are as small as possible and are more or 
15 less completely filled with copper. The flux 
path is also as small as possible but it is to 
be noted that the gaps between the faces of 
the projections and slots are inclined and 
therefore the axial force acting to move the 

20 members in a relative axial direction will be 
reduced. Furthermore, the location of the 
core member 10 and the annular member 
26 is rather crilical because of the proxi- 
mity of the windings to the projections and 

25 because of the smaller clearance* employed 
in the construction. 

The arrangement shown in Figure 6 is in 
many respects similar to die arrangement 
shown in Figure 2 with the annular member 

30 modified as shown in Figure 4, In addition, 
each winding is provided with four rums. 

In the arrangement shown in Figure 7 
each slot is provided with a pair of windings 
27, 28. The winding 27 can be energised be- 

35 fore the winding 28 so as to provide a steady 
basfc flux. This base flux would not in 
practice be of sufficient magnitude to cause 
movement of the part actuated by the device, 
but would effect partial saturation of the 

40 material forming the core and annular mem- 
bers. When movement of the part is re- 
quired the current is supplied through the 
winding 28 and because of the lower effec- 
tive permeability of the material the depth 

45 of penetration of the flux is higher thereby 
leading to a high flux density in the gaps. 

In the examples described the Slots in- 
cluding the windings have been formed £n 
the core member. It will be understood, 

50 however, that the slots and windings could 
have been formed In the annular member. 
In Figure 8 there is shown art example in 
which slots are formed on the internal peri- 
phery of an annular member 29. In this 

55 case, however, there is also a core member 
10 and disposed between these members is 
a movable member 30 having the projec- 
tions formed thereon and wluch arc posi- 
tioned in the respective slots of the members 

60 10 and 29. 

In each of the examples described, the 
flux penetration may be increased by cut- 
ting axial slots along the peripheral surfaces 
of both the core member and annular meiii- 

65 ber. 



In each of the examples described each 
slot as defmcd by a thread groove is pro- 
vided with a winding, It U possible, how- 
ever, to provide a single winding hi one only 
of the thread grooves. Moreover, in the 70 
case of a multiple of two start threads, two 
of the thread grooves may be provided with 
windings and ;f the current in the windings 
is in the same direction then there must be 
an empty thread groove disposed there- 75 
between. If on the other hand the flow of 
current in the two windings is in the oppo- 
site direction, then the grooves accommodat- 
ing the windings must be adjacent cadi 
other. gr) 

In each of the examples described the 
helical air gaps acrosa which the axial poll- 
ing force is developed are equal When the 
gaps are reduced to zero upon rclatitve axial 
movement of the members there is the risk 85 
that the faces defining the gaps will stick to 
each Other due to the action of residual mag- 
netism. The resulting holding force can be 
reduced by machining the members such that 
the faces defining one gap only can move 90 
into contact with each other. 

Moreover, the devices described are single 
acting only. That is to say the members 
forming the device move relatively to each 
other in one direction only when the wind- 95 
ing is energised. A double acting effect can 
be obtained by providing two such devices 
as described in back to back relationship. Li 
this cay© the winding of one device would 
be energiseri to achieve relative movement in 100 
one direction, and the winding of the other 
device to achieve movement in the opposite 
direction. 

In the case of the device shown in Figure 
8 tt is possible to achieve the double acting 105 
effect by a comparatively simple modifica- 
tion. It should be noted however that the 
two windings are then energised separately 
to achieve the two directions of movement. 
The modification is to dispose the projections 110 
00 one side of the member 30 on the oppo- 
site side of the ribs of the adjacent member 
10 or 29. 

En the devices described since the projec- 
tions and slots are helically disposed, in 115 
addition to the axial force which is gener- 
ated upon energisation of the winding there 
will also be a turning force. The magnitude 
of this force will depend upon the helix 
angle and the members must be mounted so 120 
as to resist this force. The turning force can 
however bo balanced by providing a further 
device having the opposite helix angle but 
arranged to pull in the same axial direction 
when the winding is energised. 125 

The devices described have employed a 
member 10 of solid form. It is advantageous 
for the member 10 to be of tubular form 
with tho wall thickness as small as possible. 
The actual thickness of the wait being sufli- J 30 
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dent to transmit the magnetic flux, Xn this 
manner eddy current loss in the member 10 
can be reduced. 

5 WHAT WE CLAIM IS: — 

1. An electro magnetic device com- 
prises a pair of raagnetisable members, 
□nB of said members bavins a face 

10 in which is defined a plurality of slots dis- 
posed in side by side relationship, tho other 
Of said members having a face On Which is 
formed a plurality of projections disposed in 
aide by side relationship, said projection* 

15 having a width which is smaller than the 
width ol the slots, said members being posi- 
tioned relative to each other such that the 
projections enter into the slots, the initial 
relative position of the members being such 

20 that the projections are disposed oft centre 
in the respective slots and the two members 
being relatively movable in the direction such 
that each projection can move from one side 
to the other side of (he respective slot, some 

25 oi all of said Blots accommodating qa elec- 
trical winding, the connection of the winding 
or windings being such that any two slats 
in which the flow of current in the windings 
therein is in the same direction arc separ- 

30 aled by a slot with either no winding there- 
in or a winding in which the flow of current 
is in the opposite direction, the arrangement 
being such, that when the winding or wind- 
ings is/arc energised a magnetic field is 

35 produced and the members will be urged 
relative to each other from said initial posi- 
tion in a direction to reduce the size of the 
smaller of the gaps defined between the side 
faces of the slots and the side walls of the 

40 respective projections. 

2. An electromagnetic device comprises 
a pair of magnetisable members, one of said 
members having a face in which is defined 
a plurality of slots disposed in side by side 

45 xelationship, the other of said members hav- 
ing a face on which is formed a plurality 
of projections disposed in side by side re- 
lationship, said projections having a width 
and a depth which are smaller than the width 

50 and the depth of the slots* said members 
being positioned relative to each other such 
that the projections enter into said slot* the 
initial relative position of the members be* 
ing such that the projections are disposed 

55 off centre in the respective slots and the two 
members being relatively movable in the 
direction such that each projection can move 
from one side to the other side of the respec- 
tive slot, each of said slots accommodating 

60 an electrical winding, the connections of the 
windings being such that the flow of electric 
current in the windings in adjacent slots will 
be in opposite directions, the arrangement 
being such that when the windings are cner- 

65 giscd a magnetic field is produced and the 



members wul be urged relative to each 
other from said initial position in a direction 
to reduce the size of the smaller of the gaps 
defined between the side faces of the slots 
and the aide walls of tie respective projeo 70 
tjons- 

3. A device according to claim 1 or claim 
2 in which the depth and shape of the slots 
is such in relation to the size of the pro- 
jections as to provide accommodation for 75 
the windings, 

4. A device according to claim 2 in 
which one of Said members is of cylindrical 
form and the other member Js of annular 
form, said One member being located with- 80 
in the other member, said slots and pro- 
jections being defined by screw threads 
formed on the inner surface of the other 
member and the outer surface of the one 
member, $5 

5. A device according to clai/n 4 in which 
the screw threads arc two or a multiple of 
two, start threads, said windings being con- 
nected such that the current flow in the wind- 
ings m alternate thread grooves is in one 90 
direction and the current flow in the other 
thread grooves is in the opposite direction. 

6*. A device according to claim 5 in which 
said windings comprise a single length of 
wire, > 95 

7. A device according to claim 6 in 
which said wire is wound along one groove 
towards one end of the member and is re- 
turned along an adjacent groove towards the 
other end of the member. 100 

S. A device according to claim 7 in 
which said wire passes through an aperture 
formed in the member in whjch the grooves 
are formed. 

9. A device as claimed in claim 7 in 105 
which a plurality of turns arc provided in 
each groove. 

10. A device as claimed in claim 5 in 
which each groove is provided with a pair 

Of windings one Of which can be energised HO 
to portly magnetize the members and the 
other of which can be energised to magnetize 
the members a further amount to causes re- 
lative movement of the members, 

11. A device according to claim 4 in 115 
Which said other member is machined on its 
outer periphery to reduce the thickness of 
material and thereby reduce the inertia of 
the member. 

12. A device according to claim 4 in 120 
Which said other member is provided with 
projections on its outer peripheral surface 
and a further annular member is provided 
surrounding said other member, said further 
annular member having helical tflots ma- 125 
chined on its internal periphery in register 
with projections on the outer surface of said 
other member, the helical slots in said further 
member also being provided with windings. 

13. A device as claimed in claim 12 in 130 
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which the windings on said one and said 
further members when energised effect move* 
inent of said other member ia the same di- 
rection. 

5 14. A device as claimed in daim 12 in 
which the windings on said one and said 
further members when energised effect move- 
ment of said odier member in opposite di- 
rections respectively. 

10 ^ 15. TI»e combination of a pair of de- 
vices as claimed in claim 5 in which the- 
respective members are coupled together 
whereby energisation of the electrical wind- 
ings of one of the devices will result in rc- 

15 laUve axial movement of the members in 
one direction and energisation of the wind- 
ings of the other of the devices will result 
in relative axial movement of the members 
in the Opposite direction. 

20 16, The combination of a pair of de- 
vices as claimcci in claim 5 in Which the 
respective members are coupled together, the 
helix angles of the projections and grooves 
of OJ*e Of the devices being opposite to those 

25 of the other d&vice whereby the turning force 
generated between the members of each de- 
vice when the windings are energised Is 
cancelled. 

_ 17. An electromagnetic device substan- 
30 dally as hereinbefore described with re- 



ference to Figures 1 and 2 of the accom- 
panying drawings. 

18. An electromagnetic device substan- 
tially as hereinbefore described with refer- 
ence to Figure 1 as modified by Figure 3 of 35 
the accompanying drawings, 
. 19. An electroiuagnctic device substan- 
tially as horeinbefore described with refer- 
ence to Figure } as modified by Figure 4 of 
the accompanying drawings. 40 

20. An electromagnetic device substan- 
tially as hereinbefore described with refer- 
ence to Figure 1 as modified by Figure 5 of 
the accompanying drawings* 

21. An electromagnetic device substan- 45 
Ually as hereinbefore described with refer- 
ence to FJsure 1 as modified by Figure 6 of 

the accompanying drawings. 

22. An electromagnetic device substan- 
tially as hereinbefore described with refer- 50 
ence to Figure 1 as modified by F5gure 7 

of the accompairying drawings, 

23. An electromagnetic device substan- 
tially as hereinbefore described with refer- 
ence to Figure 8 of the accompanying draw- 55 
ings, 

MARKS & CLERK, 
Alpha. Tower, ATV Centre, 

Birmingham Bl ITT. 
Agents for the Applicants. 
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